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The program reviewed i n  t h i s  f o u r t h  q u a r t e r l y  p r o g r e s s  r e p o r t ,  
c o v e r i n g  from March 26, 1965 t o  June  26, 1965, i s  sponsored by t he  
N a t i o n a l  Aeronaut ics  and Space Adminis t ra t ion .  I t s  purpose  i s  t o  
examine the i n f l u e n c e  of  stress on the c o r r o s i o n  behavior  of  a n  
advanced r e f r a c t o r y  a l l o y  ih potassium (Task I) and t o  i n v e s t i g a t e  
c o r r o s i o n  mass t r a n s f e r  e f f e c t s  i n  a s t a i n l e s s  s teel-columbium a l l o y -  
po ta s s ium system (Task 11). 
Task I 
While there i s  c o n s i d e r a b l e  ev idence  t h a t  r e f r a c t o r y  a l l o y s  have 
excellent c o r r o s i o n  r e s i s t a n c e  t o  po tass ium,  there are few e x p e r i -  
ments which d e s c r i b e  t h e  p o s s i b l e  e f f e c t s  of  s tress on c o r r o s i o n  
when the  stress i s  s u f f i c i e n t l y  l a r g e  t o  produce s u b s t a n t i a l  amounts 
of  c r e e p  d u r i n g  the tes t .  
p o s e s  t o  s tudy  an  advanced r e f r a c t o r y  a l l o y  which has demonstrated 
excellent c o r r o s i o n  r e s i s t a n c e  t o  r e f l u x i n g  potass ium dur ing  long-  
t i m e  exposures  conducted a t  r e l a t i v e l y  low stresses a t  2000°F. I n  
t h i s  r e g a r d ,  D-43 columbium base a l l o y ,  i n  the form of  welded cap-  
s u l e s ,  has been tes ted  i n  potassium under  r e f l u x i n g  c o n d i t i o n s  f o r  
p e r i o d s  o f  5,000 and 10,000 hours a t  t empera tu res  on t h e  o r d e r  o f  
It i s  a p p r o p r i a t e  f o r  comparat ive pu r -  
1 2000°F and has been s e l e c t e d  for  i n c l u s i o n  i n  t h i s  program. 
-1- 
I 















The D-43 a l l o y  r e f l u x  capsu le s  s h a l l  be t e s t e d  under  c o n d i t i o n s  
which r e s u l t  i n  about  5 t o  10% s t r a i n  d u r i n g  a 500- t o  2,000-hour 
exposure  p e r i o d  i n  the  2000" t o  2200'F t empera tu re  range .  The re- 
f l u x  c a p s u l e s  used  i n  t h i s  s tudy  w i l l  be o f  s i m i l a r  s i z e  t o  t h o s e  
p r e v i o u s l y  d e s c r i b e d  (Ref. 1). The c a p s u l e  wall s h a l l  be reduced 
i n  the po ta s s ium l i q u i d  r e g i o n  and i n  t h e  vapor  condensing r e g i o n  
t o  p r o v i d e  gauge s e c t i o n s  where t h e  e x t e n t  of c r e e p  can  be measured. 
Moderate t empera tu re  ad jus tments  can  be made d u r i n g  the  tes t  t o  
a c h i e v e  t h e  d e s i r e d  s t r a i n - t i m e  c o n d i t i o n s .  
Task I1 
The u s e  of  s ta in less  s teel ,  r a t h e r  t h a n  r e f r a c t o r y  a l l o y s ,  f o r  
power p l a n t  r a d i a t o r  c o n s t r u c t i o n  and f o r  t h e  lower t empera tu re  po r -  
t i o n  of expe r imen ta l  f a c i l i t i e s  c o n s t i t u t e s  material and f a b r i c a -  
t i o n  c o s t  s av ings .  Two methods of employing t h i s  approach a re :  u s e  
of co -ex t ruded ,  s t a i n l e s s  s teel  s h e l l - r e f r a c t o r y  a l l o y  c o r e ,  t u b i n g  
i n  the  r a d i a t o r  o r  u s e  of a n  a l l  s t a i n l e s s  s t e , e l  r a d i a t o r  j o i n e d  t o  
t he  sys tem by a b i m e t a l l i c  j o i n t .  Although t h e  l a t t e r  approach i s  
p r e f e r r e d  c o n s i d e r i n g  c o s t  and problems a s s o c i a t e d  w i t h  f a b r i c a t i o n  
and j o i n i n g  of co-ext ruded  tub ing ,  a major u n c e r t a i n i t y  and l i m i t a -  
t i o n  arises from t h e  mass t r a n s f e r  of i n t e r s t i t i a l  e lements  from 
the  s t a i n l e s s  s teel  t o  the r e f r a c t o r y  a l l o y s  through t h e  a l k a l i  
m e t a l .  
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I t  i s  w e l l  e s t a b l i s h e d  t h a t  the carbon and n i t r o g e n  t r a n s f e r  
from Type 316SS t o  Cb-1Zr a l l o y  a t  t empera tu res  n e a r  1500’F (Ref.  
2). While some impor t an t  a s p e c t s  of  t h i s  mass t r a n s f e r  behavior  
have been examined, s e v e r a l  c r i t i c a l  d e t a i l s  r e q u i r e  a d d i t i o n a l  
i n v e s t i g a t i o n .  There  i s  a need t o  d e f i n e  a c c e p t a b l e  t i m e  and 
t empera tu re  c o n d i t i o n s  of  o p e r a t i o n  i n  t e r m s  o f  m a i n t a i n i n g  sat-  
i s f a c t o r y  performance of  the r e f r a c t o r y  a l l o y s ,  such as Cb-1Zr a l l o y .  
Also, there  are c e r t a i n  m e t a l l u r g i c a l  a s p e c t s  of  t h i s  behavior  
which should  be  i n v e s t i g a t e d  i n  an e f f o r t  t o  e l i m i n a t e  o r  reduce  t h e  
m a s s  t r a n s f e r  ra te .  I n  t h e  l a t t e r  c a t e g o r y ,  i t  i s  most a p p r o p r i a t e  
t o  cons idex  t h e  s t a b i l i z a t i o n  of  carbon and n i t r o g e n  i n  the s t a i n -  
less steel  by t h e  a d d i t i o n  cf meta l l ic  eleii izrita ithich fvii i i  carLicles 
and n i t r i d e s  of h i g h  thermodynamic s t a b i l i t y .  Commercially ava i l -  
a b l e ,  t i t a n i u m  s t a b i l i z e d ,  Type 321SS i s  one such a l l o y .  A compara- 
t i v e  i n v e s t i g a t i o n  of t h i s  a l l o y  and Type 316SS was performed t o  
i n d i c a t e  t h e  a b i l i t y  of t h e  t i t a n i u m  a d d i t i o n  t o  r educe  o r  e l i m i n a t e  
i n t e r s t i t i a l  m a s s  t r a n s f e r  i n  a s t a i n l e s s  s teel-Cb-1Zr a l l o y  b i -  
metal l ic  system. Columbium-1% zirconium a l l o y  specimens were exposed 
t o  l i q u i d  po ta s s ium i n  Type 321SS and Type 316SS c a p s u l e s  f o r  1 ,000 
h o u r s  a t  1400°F under  i s o t h e r m a l  c o n d i t i o n s  t o  e v a l u a t e  t h i s  premise,  
P o s t - t e s t  e v a l u a t i o n  showed t h a t  Type 321SS has a s i g n i f i c a n t  ad- 
v a n t a g e  over  Type 316SS i n  r e f r a c t o r y  m e t a l - s t a i n l e s s  s t e e l - p o t a s s i u m  
-3- 
systems i n  i n h i b i t i n g  mass t r a n s f e r  of t h e  i n t e r s t i t i a l  e lements  
carbon and n i t r o g e n  from t h e  s t a i n l e s s  s teel  t o  t h e  r e f r a c t o r y  me ta l ,  
I .  











During the f o u r t h  q u a r t e r  of t h i s  program, t he  t o p i c s  a b s t r a c t e d  
below were covered.  The r e s u l t s  are i n t e r p r e t a t i v e l y  p r e s e n t e d  i n  
t h i s  r e p o r t .  
Task I - S t r e s s  Cor ros ion  Ref lux  Capsule  Tests 
A p r e l i m i n a r y  stress c o r r o s i o n  r e f l u x  c a p s u l e  t e s t  was t e r m i n a t e d  
as a r e s u l t  o f  e x c e s s i v e  expansion i n  the reduced  w a l l  s e c t i o n s  of 
t h e  c a p s u l e  d u r i n g  the  hea t -up  cyc le .  I n  subsequent  i n v e s t i g a t i o n s ,  
a n  i n s t r u m e n t a t i o n  e r r o r  was found i n  t h e  thermocouple  c i r c u i t r y  
r e s u l t i n g  i n  a p o s i t i v e  tempera ture  e r r o r  o f  approximate ly  4 0 0 ' F .  
T h i s  i n s t r u m e n t a t i o n  e r r o r  has been c o r r e c t e d ,  and ano the r  c a p s u l e  
has been p l a c e d  on t e s t ,  as descr ibed  below. 
Two a d d i t i o n a l  D-43 a l l o y  stress c o r r o s i o n  r e f l u x  c a p s u l e s  were 
f a b r i c a t e d  and h e a t  t r e a t e d  f o r  1 hour  a t  2400°F. One c a p s u l e  was 
f i l l e d  w i t h  po ta s s ium and i n s t a l l e d  i n  t h e  t e s t  f a c i l i t y .  
A s p l i t  t a n t a l u m  s t r i p  h e a t e r  f o r  t h e  b o i l i n g  n u c l e a t o r  was de- 
s i g n e d ,  c o n s t r u c t e d ,  and i n s t a l l e d  i n  t h e  t es t  f a c i l i t y .  
The c a p s u l e  tes t  h a s  been i n i t i a t e d .  Creep ra te  measurements 
i n d i c a t e d  a fas ter  ra te  a t  2250°F t h a n  c a l c u l a t e d  from p r e t e s t  
u n i a x i a l  c r e e p  d a t a .  A f t e r  a d d i t i o n a l  t empera tu re  ad jus t emen t s  and 
c r e e p  ra te  measurements, a tempera ture  of  2100°F was s e l e c t e d  t o  
g i v e  t h e  d e s i r e d  c r e e p  s t r a i n  (5-10%) i n  t h e  t i m e  d u r a t i o n  s p e c i f i e d  
-5 - 
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(500-2,000 h o u r s ) .  T o  d a t e ,  430 hours  of t es t  t i m e  has  be.en accumu- 
l a ted ,  and t h e  creep s t r a i n  has  reached 2 t o  3%. 
'Task I1 - B i m e t a l l i c  I so the rma l  Capsule Tests 
P o s t - t e s t  e v a l u a t i o n  h a s  been completed. 
P r e p a r a t i o n  of a t o p i c a l  r e p o r t  has  been i n i t i a t e d .  
I 



















111. TASK I - STRESS CORROSION REFLUX CAPSULE TESTS 
P r e l i m i n a r y  Capsule T e s t  
A. T e s t  F a c i l i t y  
The i n i t i a t i o n  of t h e  p re l imina ry  capsu le  tes t  was postponed 
pending r e c e i p t  of t u n g s t e n  caps f o r  t h e  A1203 probes.  
t u n g s t e n  caps  were r e c e i v e d  and i n s t a l l e d  on t h e  A1203 p robes ,  F i g u r e  
1. Subsequent ly ,  t h e  LVDT-probe u n i t s  were reassembled,  F i g u r e  2 ,  
and i n s t a l l e d  i n  t h e  tes t  f a c i l i t y  i n s i t u ,  F i g u r e  3.  
was c l o s e d  and evacuated.  Mass spec t rometer  l e a k  checking i n d i c a t e d  
no l e a k s  p r e s e n t  and a pre-bakeout vacuum of 2 x 10-8 t o r r  was a t t a i n -  
ed. The system was baked ou t  at  350°C f o r  8 hour s ;  on c o o l i n g ,  a 
vacuum of 1.5 x 10'' t o r r  was measured w i t h  a t u b u l a r  Bayard-Alpert  
i o n i z a t i o n  gauge. 
The machined 
The s y s t e m  
B. Capsule  T e s t i n g  
The i n s t r u m e n t a t i o n  checkout i n d i c a t e d  no appa ren t  problems 
and hea t -up  of t h e  c a p s u l e  was i n i t i a t e d .  
c a p s u l e  was i n c r e a s e d  a t  a r a t e  t o  ma in ta in  a chamber p r e s s u r e  below 
1 x 
ma te ly  1100"F, b o i l i n g  i n s t a b i l i t y  induced c a p s u l e  v i b r a t i o n  which 
was i n d i c a t e d  on t h e  LVDT recorder .  The b o i l i n g  n u c l e a t o r  was 
a c t i v a t e d ,  and when t h e  temperature  of t h e  b o i l i n g  n u c l e a t o r  was i n -  
cre .ased t o  300°F above t h a t  measured i n  t h e  c a p s u l e  l i q u i d  zone, 
The t empera tu re  of t h e  
t o r r .  A t  a measured l i q u i d  zone t empera tu re  of approxi -  
-7- 






F i g u r e  1. Disassembled S t r a i n  Measuring LVDT-Probe Un i t  w i t h  
Tungsten Cap I n s t a l l e d .  
-8 - 
F i g u r e  2. Assembled LVDT-Probe Un i t  w i t h  Tungsten Cap. 
-9- 
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t h e  c a p s u l e  v i b r a t i o n  ceased and the p r e v i o u s l y  measured 100°F temper- 
a t u r e  d i f f e r e n t i a l  between t h e  l i q u i d  and vapor  zone dropped t o  wi th -  
i n  15”F,  F i g u r e  4. The advantages of such a b o i l i n g  n u c l e a t o r  i n  
p r e v e n t i n g  t h e  p o s s i b i l i t y  of damage t o  s e n s i t i v e  components r e s u l t -  
i n g  from capsu le  v i b r a t i o n  i s  t h u s  ev iden t .  
i n g  n u c l e a t o r  tempera ture  approximately 300°F above t h e  t empera tu re  
of t h e  potass ium l i q u i d  as hea t ing  of t h e  capsu le  was con t inued ,  
s t a b l e  b o i l i n g  was maintained.  
By ma in ta in ing  t h e  b o i l -  
However, a t  a measured tempera ture  of 1980”F, t h e  b o i l i n g  nu- 
c l e a t o r  h e a t e r  s h o r t e d  ou t  causing a p r e s s u r e  r i se  t h a t  n e c e s s i t a t e d  
a temporary shutdown of t h e  test. 
The heater f o r  t h e  b o i l i n g  n u c l e a t o r  was r e p l a c e d  w i t h  a s imi l a r  
h e a t e r  and t h e  system was c losed ,  evacuated  and baked ou t .  A c o l d  
wal l  p r e s s u r e  of 1 .5  x 10-9 t o r r  w a s  a t t a i n e d  p r i o r  t o  res tar t  w i t h  
s i m i l a r  s t a r t - u p  procedures  being employed i n  t h e  second hea t -up  
as were employed p rev ious ly .  At a measured tempera ture  of 2035°F 
r a p i d  expans ion  of t h e  c a p s u l e  wall was observed on t h e  LVDT re- 
c o r d e r  and by v i s u a l  examination through t h e  s i g h t p o r t .  
r e n t  t o  t h e  h e a t e r s  was tu rned  off  immediately and t e s t i n g  was ter-  
minated.  
r e g i o n s  i s  shown i n  F i g u r e s  5 through 8. Subsequent checking of 
t h e  p o s s i b i l i t i e s  capable  of producing such an  anomally r e v e a l e d  
The c u r -  
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Figure  4.  E f f e c t  of Boi l ing  Nucleator Temperature on Boi l ing  
I n s t a b i l i t y  and Induced Vibra t ion  i n  a Refluxing 
Pot  ass ium Cap su le.  
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F i g u r e  5. T e s t  F a c i l i t y  Showing Expansion of t h e  Capsu le  Wall i n  t h e  
























F i g u r e  7 .  T e s t  F a c i l i t y  Showing the  Expansion t h a t  Occurred i n  t h e  
Condenser and L iqu id  Regions of  t h e  D-43 Al loy  P r e l i m i n a r y  
Capsule  T e s t .  
-1 5- 
I 
F i g u r e  8. V i e w  of Condenser and L i q u i d  Regions of t h e  D-43 Al loy  
P r e l i m i n a r y  S t r e s s - C o r r o s i o n  Capsu le  Showing t h e  E x t e n t  
of Expansion t h a t  Occurred During T e s t .  
-16- 
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a n  e r r o r  i n  t h e  i n s t r u m e n t a t i o n  of t h e  W+25%Re v s  W+3%Re thermocouples.  
The W+25%Re vacuum feedthrough wires were connected t o  the  W+3%Re 
l e g s  of each thermocouple and the  W+3%Re vacuum feedthroughs  wires 
were connected t o  t h e  Wt25%Re legs  cf each  thermocouple.  This  i n -  
t r o d u c e s  two thermocouple j u n c t i o n s  a t  t h e  A1203 t e r m i n a l  b lock  
shown i n  F i g u r e  5. The induced mv o u t p u t  from t h e s e  t w c  j u n c t i o n s  
must be added t o  t h e  mv o u t p u t  frcrn t h e  pr imary  thermccouple j u n c t i o n  
i n  o r d e r  t o  o b t a i n  the  c o r r e c t  t empera ture .  I f  i t  i s  assumed t h a t  
the  t empera tu re  of the  A1203 t e r m i n a l  b lock  was 300"F, t h e  c o r r e c t e d  
t e m p e r a t u r e  of  t h e  c a p s u l e  w c u l d  h e  2450'F when t h e  measured mv ou t -  
p u t  i n d i c a t e d  a t empera tu re  o f  2035"F. A t  a t empera tu re  of %450"F, 
t h e  observed behavior  of  t h e  capsu le  would b e  c o n s i s t e n t  with t h e  
measured c reep  p r o p e r t i e s  of t h e  D-43 a l l o y  b a r  from which t h e  cap -  
s u l e  was f a b r i c a t e d 3 ,  
L~ ~ 
The D-43 a l l o y  c a p s u l e  has  been opened under  a rgon  and t h e  p o t a s -  
sium has been d ra ined .  Subsequent ly ,  t h e  c a p s u l e  was c l eaned  by 
vacuum d i s t i l l a t i o n  and sec t ioned ,  F i g u r e  9. 
On t h e  b a s i s  of t h e  estimated c a p s u l e  t empera tu re ,  t h e  wall  ex- 
p a n s i o n ,  F i g u r e  10,  cor responds  t o  16% c r e e p  s t r a i n  i n  the  l i q u i d  
r e g i o n  and 12.5% c r e e p  s t r a i n  i n  t h e  condensing r eg ion .  
l i n e s  (s t re tcher  s t r a i n s ) ,  frcm the l o c a l i z e d  p l a s t i c  deformat ion  i n  










F i g u r e  9.  D-43 A l l o y  P r e l i m i n a r y  Capsu le  T e s t  S e c t i o n e d .  T e s t  
Termina ted  on Heat-Up as a R e s u l t  of  E x t e n s i v e  Expans ion  
i n  t h e  L i q u i d  and Condensing Zone. 
-18- 
F i g u r e  10. S e c t i o n e d  L iqu id  and.Condensing Zones From D-43 A l l o y  




were observed i n  t h e  l i q u i d  and condensing zones of t h e  c a p s u l e  as 
a r e s u l t  of po tass ium exposure,  F igu re  11. The p a t t e r n  change was 
I found t o  occur  a t  t h e  l i q u i d  i n t e r f a c e  away from t h e  gauge s e c t i o n s ,  , 
t h e r e f o r e ,  i s  not  stress dependent, 
Macrophotographic examination of t h e  l i q u i d  r e g i o n  a t  30X mag- 
n i f i c a t i o n  d i d  no t  d e l i n e a t e  t h i s  p a t t e r n ;  however, t h e  s p o t s  i n  
t h e  condensing r e g i o n  were observed. 
1 
One of t h e  series of e longated s p o t s  running  h o r i z o n t a l l y  t o  
t h e  c a p s u l e  a x i s  i n  t h e  condensing re.gion shown p r e v i o u s l y  i n  F i g u r e  
11, i s  shown a t  h i g h e r  magn i f i ca t ion  i n  F i g u r e  1 2 ,  A series of  
v e r t i c a l  s p o t s  a long  s c r a t c h e s  are d e p i c t e d  i n  F i g u r e  13. Metal- 
l o g r a p h i c  examinat ion of t h e  s u r f a c e  c r o s s  s e c t i o n  a t  t h e s e  s p o t s  
i n d i c a t e d  no apparent  s t r u c t u r e  o r  c a r b i d e  morphology change, and 
t h e  maximum dep ths  were less than  0.001 inch .  
D-43 A l l o y  S t r e s s  Corros ion  Reflux Capsule  Test  I 
A. Capsule  F a b r i c a t i o n  and F i l l i n g  
A second D-43 a l l o y  r e f l u x  capsu le  w i t h  a b o i l i n g  n u c l e a t o r  
was f a b r i c a t e d ,  l e a k  checked, and t h e  w e l d s  radiographed.  I n  com- 
p l i a n c e  w i t h  a r e q u e s t  from the. NASA Techn ica l  Manager, t h e  c a p s u l e  
was postweld annea led  f o r  one hour a t  2400°F i n  a vacuum of  
t o r r .  
and on t h e  o u t s i d e  p r i o r  t o  hea t  t r e a t m e n t ,  F i g u r e  14. 





F i g u r e  11. S e c t i o n e d  L i q u i d  and Condensing Zones from D-43 A l l o y  
P r e l i m i n a r y  Capsule T e s t  ( I n s i d e  Diameter)  Showing 
S u r f a c e  P a t t e r n s  Produced by  Po ta s s ium Exposure.  
F i g u r e  12. H o r i z o n t a l  Spot  i n  Condensing Zone of  D-43 A l l o y  P r e -  
l i m i n a r y  Capsule  T e s t  Exposed t o  Potass ium Vapor a t  an  
Es t ima ted  Temperature  of 2450°F. Mag: 30X 
F i g u r e  13. Ver t ica l  S p o t s  Along S c r a t c h e s  i n  Condensing Zone of 
D-43 A l l o y  P re l imina ry  Capsule  T e s t  Exposed t o  P o t a s -  
sium Vapor a t  an Es t ima ted  Temperature  of 2450°F. 
Mag: 30X 
-22- 
E -  
















Cb-1Zr a l l o y  c o n t r o l  specimen was h e a t  t r e a t e d  a long  w i t h  t h e  cap- 
s u l e ,  p o s t - t e s t  a n a l y s i s  f o r  p o s s i b l e  contaminat ion  was n o t  warran ted  
because t h e  vacuum was maintained i n  t h e  t o r r  range.  Subse- 
q u e n t l y ,  t h e  c a p s u l e  was f i l l e d  with potass ium t o  produce a 5- inch  
l i q u i d  h e i g h t  a t  t h e  p r o j e c t e d  t e s t  t empera tu re  (approximate ly  
2250°F). 
t h e  f i n a l  h o t  t r a p p i n g  c o n t a i n e r ,  and t h e  c a p s u l e  was s e a l e d  by 
e l e c t r o n  ljeam welding i n  a vacuum of  1 x t o r r .  The potass ium 
t h a t  was used f o r  f i l l i n g  t h e  capsu le  was sampled a t  t h e  same t i m e  
t h e  c a p s u l e  was f i l l e d  and analyzed f o r  oxygen by t h e  mercury amal- 
The potassium was t r a n s f e r r e d  d i r e c t l y  t o  t h e  c a p s u l e  from 
gamation method; t h e  r e s u l t s  showed t h e  oxygen i n  t h e  potass ium 
sample  t a k e n  from t h e  f i l l  t u b e  t o  be 5 ppm and t h e  oxygen i n  t h e  
po ta s s ium sample t h a t  was c a s t  i n s i d e  t h e  weld chamber t o  be 1 2  ppm. 
The f i l l e d  and s e a l e d  c a p s u l e  was examined r a d i o g r a p h i c a l l y  t o  
a s s u r e  a sound e l e c t r o n  beam w e l d  and subsequent ly  was i n s t a l l e d  i n  
t h e  t e s t  f a c i l i t y .  
B. T e s t  F a c i l i t y  
A s p l i t  t an t a lum s t r i p  h e a t e r  has  been designed and c o n s t r u c t e d  
and w i l l  be employed i n  h e a t i n g  t h e  b o i l i n g  n u c l e a t o r  i n  t h i s  cap-  
s u l e  t es t .  T h i s  change i n  design r e s u l t s  from t h e  improved r e l i a b i l -  
i t y  of t h i s  t y p e  h e a t e r  a s  compared t o  t h a t  of t h e  tan ta lum-shea thed  
r e s i s t a n c e  element used i n  t h e  p re l imina ry  c a p s u l e  t es t .  The 
-24- 
i n s t a l l a t i o n  of t h i s  h e a t e r  w i t h  a p p r o p r i a t e  OFHC copper  bus b a r s  
and 0.003-inch t h i c k  t an ta lum f o i l  s h i e l d i n g  i s  d e p i c t e d  i n  F i g u r e s  
15 ,  1 6  and 17 .  
C.  Capsule  T e s t i n g  
Subsequent t o  LVDT c a l i b r a t i o n  and a thorough i n s t r u m e n t a t i o n  
check of t h e  W+3%Re v s  W+25%Re thermocouples,  t h e  system was c l o s e d  
and evacuated .  Mass spec t rometer  l e a k  checking  i n d i c a t e d  no l e a k s  
p r e s e n t  and a pre-bakeout  vacuum o f  5 x t o r r  was a t t a i n e d .  
The system was baked o u t  a t  350°C f o r  6 h o u r s ;  on c o o l i n g ,  a vacuum 
of 2 x 10'' t o r r  was measured wi th  a t u b u l a r  Bayard-Alpert  i o n i z a -  
t i o n  gauge. 
I Heat-up was i n i t i a t e d  on 6-7-65. The t empera tu re  of t h e  c a p s u l e  
was i n c r e a s e d  s lowly  t o  m a i n t a i n  the p r e s s u r e  i n  the  10-7 t o r r  range., 
A boi1ir;g n u c l e a t o r  t empera tu re  o f  300°F above t h a t  of  t h e  c a p s u l e  
was main ta ined .  
as  d e s c r i b e d  under  t he  P re l imina ry  Capsule  T e s t .  A t  a 1900°F cap-  
s u l e  t empera tu re ,  t h e  b o i l i n g  n u c l e a t o r  t empera tu re  was lowered t o  
t h a t  o f  t h e  capsu le .  B o i l i n g  remained s t a b l e  w i t h  a measured AT 
of  15°F  between t h e  l i q u i d  and condensing r eg ions .  
b o i l i n g  n u c l e a t o r  t empera tu res  were i n c r e a s e d  t o  2250°F and s t a b i l i z e d .  
The measured expans ion  from the LVDT probe  u n i t s  on the c a p s u l e  re -  
duced w a l l  s e c t i o n s  i n d i c a t e d  a f a s t e r  c r e e p  ra te  a t  2250°F t h a n  
S i m i l a r  r e s u l t s  o f  b o i l i n g  s t a b i l i t y  where ev idenced  

















c a l c u l a t e d  from p r e t e s t  u n i a x i a l  c r eep  d a t a .  A f t e r  a d d i t i o n a l  
t empera tu re  ad jus tmen t s  and creep r a t e  measurements, a t empera tu re  
of 2100°F was s e l e c t e d  t o  g i v e  t h e  d e s i r e d  c r e e p  s t r a i n  (5-10%) 
I 
, i n  the  t i m e  d u r a t i o n  s p e c i f i e d  (500-2,000 h o u r s ) ,  A s  o f  6-26-65, 
430 hours  of  t es t  t i m e  had been accumulated. The c reep  s t r a i n  c a l c u -  I 
~ 
I 
I l a t e d  from expans ion  d a t a  i n  the l i q u i d  and condensing zones i s  shown 
i n  F i g u r e  18. Es t imated  t i m e  f o r  5% c r e e p  s t r a i n  i n  t h e  l i q u i d  zone 
, from t h i s  d a t a  i s  680 hours .  The appa ren t  anomally e x i s t i n g  between 
I , 
I u n i a x i a l  c r e e p  d a t a  and c a p s u l e  creep d a t a  i s  n o t  unders tood  a t  t h i s  
t i m e  e I i 
I 
-29- 
T i m e ,  hours 
Figure  18. B i a x i a l  Creep Data on t h e  D-43 S t r e s s  Corrosion Reflux Capsule 
T e s t  I a s  of 430 H o u r s  Exposure t o  Potassium a t  2100'F. 
-30- 
I V .  TASK I1 - BIMETALLIC ISOTHERMAL CAPSULE TESTS 
A. T e s t  E v a l u a t i o n  
M e t a l l o g r a p h i c  examinat ion  of t h e  s t a i n l e s s  s teel  c a p s u l e s  and 
Cb-1Zr a l l o y  specimens h a s  been completed,  Whereas no o b s e r v a b l e  
change i n  m e t a l l o g r a p h i c  s t r u c t u r e  was observed  i n  Cb-1Zr a l l o y  
specimens t e s t e d  i n  Type 321SS capsu le s ,  F i g u r e  1 9 ,  two d i s t i n c t  
l a y e r s ,  b e l i e v e d  t o  be  CbC and Cb2N as r e p o r t e d  i n  s imilar  i n v e s t i -  
were observed  on t h e  Cb-1Zr a l l o y  specimens t e s t e d  i n  g a t i o n s  , 
t h e  Type 316SS, F i g u r e  20. No change i n  m e t a l l o g r a p h i c  morphology 
was observed  i n  t h e  Type 321SS capsu le  mater ia l ,  F i g u r e  21. However, 
2 , 4  
g r o s s  s e n s i t i z a t i o n  and sigma phase fo rma t ion  o c c u r r e d  i n  t h e  Type 
316SS, F i g u r e  22. The reduced  amount of  chromium c a r b i d e  p r e c i -  
p i t a t i o n  and the i n c r e a s e d  amount of  iron-chromium sigma phase  
f o r m a t i o n  a t  the c a p s u l e  I D  r e s u l t s  from t h e  d e p l e t i o n  o f  carbon due 
t o  the  mass t r a n s f e r  r e a c t i o n s .  Although the  m a j o r i t y  o f  t h e  sigma 
p h a s e  has been p u l l e d  o u t  d u r i n g  m e t a l l o g r a p h i c  p r e p a r a t i o n  of  t h i s  
specimen,  some select ive removal o f  t h i s  phase  a t  the s u r f a c e  by l i q u i d  
p o t a s s i u m  i s  p o s s i b l e .  S i m i l a r  m i c r o s t r u c t u r a l  e f fec ts  were observed  
i n  a n  i n v e s t i g a t i o n  o f  Type 316SS b o i l i n g  po ta s s ium t e s t  loops  a t  ORNL 
5 
as d e s c r i b e d  by D. H. J a n s e n  and E .  E .  Hoffman . 
I 
S p e c t r o g r a p h i c  a n a l y s e s  of the Cb-1Zr a l l o y  specimens t e s t e d  
i n  b o t h  Type 316SS and Type 321SS c a p s u l e s  showed t races  o f  i r o n  and 
n i c k e l  t r a n s f e r r e d  from t h e  s ta inless  s tee l  t o  t h e  Cb-1Zr a l l o y .  
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F i g u r e  19. Cb-1Zr A l l o y  Exposed f o r  1,000 Hours i n  
Potassium Contained i n  a Type 321SS 
Capsule Heated I s o t h e r m a l l y  a t  1400'F. 
E tchant :  
Mag: 250X 
20% HN03 - 20% HF - 60% C l y c e r o l  
-32- 
, . -  
I 
F i g u r e  20. Cb-1Zr A l l o y  Exposed f o r  1,000 Hours i n  
Potass ium Contained i n  a Type 316SS 
Capsule  Heated I s o t h e r m a l l y  a t  1400°F 
Layers  Bel ieved t o  be CbC and Cb2N. 
E tchan t :  A s  P o l i s h e d  Mag: l O O O X  
-33-  
F i g u r e  21. M i c r o s t r u c t u r e  of a Type 321SS Capsule  
A f t e r  Being Heated I s o t h e r m a l l y  f o r  
1,000 Hours a t  1400°F. The I n n e r  S u r f a c e  
o f  the Capsule  Wall was Exposed t o  L iqu id  
Potassium. 
E tchan t :  E l e c t r o l y t i c ,  Oxa l i c  Acid 
Mag: 500X. 
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F i g u r e  22. M i c r o s t r u c t u r e  of a Type 3 1 6 S S  C a p s u l e  A f t e r  
Be ing  Hea ted  I s o t h e r m a l l y  f o r  1 ,000 Hours  a t  
1400°F. The I n n e r  S u r f a c e  o f  t he  C a p s u l e  
Wall was Exposed t o  L i q u i d  P o t a s s i u m .  




I .  - 
I S t r e s s - r u p t u r e  t e s t i n g  of t h e  0 .040- inch  th i ck  Cb-1Zr specimens 
exposed t o  po ta s s ium i n  Type 316SS and Type 321SS c a p s u l e s  f o r  1 ,000  
h o u r s  a t  1400°F has been completed. The r e s u l t s ,  T a b l e  I ,  c l e a r l y  
I 
i n d i c a t e  t h e  e f fec ts  of  carbon and n i t r o g e n  mass t r a n s f e r  on t h e  
p r o p e r t i e s  of Cb-1Zr a l l o y  specimens t e s t e d  i n  Type 316SS c a p s u l e s .  
Again, l i t t l e  change was noted i n  t h e  p r o p e r t i e s  of  t h e  Cb-1Zr a l l o y  
specimens t e s t e d  i n  the Type 321SS c a p s u l e s .  The f i r s t  s t r e s s - r u p t u r e  
t es t s  were conducted a t  2000"F0 A t  t h i s  t e m p e r a t u r e  d i f f u s i o n  o f  
carbon and n i t r o g e n  from t h e  c a r b i d e - n i t r i d e  l a y e r ,  produced d u r i n g  
the 1400°F t e s t  exposure  on the Cb-1Zr a l l o y  i n  Type 316SS c a p s u l e s ,  
would a c c e n t u a t e  t h e  i n c r e a s e d  s t r e n g t h .  Rupture  t es t s  a t  1400°F 
would, t h e r e f o r e ,  be more meaningful as t h e y  would more c l o s e l y  i n -  
d i c a t e  the s t r e n g t h  d i f f e r e n c e s  r e s u l t i n g  from c a p s u l e  exposure  a l o n e .  
The measured 1400"F-25,000 p s i  creep ra te  of  t h e  Cb-1Zr a l l o y  s p e c i -  
I 
I men which was exposed t o  potassium i n  a Type 321SS c a p s u l e  (Type 
321SS-4) i n d i c a t e d  an inconven ien t ly  l o n g - r u p t u r e  l i f e .  The s p e c i -  
men was, t h e r e f o r e ,  loaded t o  30,000 p s i  a f t e r  259 h o u r s  bu t  r u p t u r e d  
on r e l o a d i n g .  The specimen e x h i b i t e d  22% e l o n g a t i o n  over  a 1 .25 - inch  
gauge l e n g t h .  
specimen exposed t o  potass ium i n  a Type 316SS c a p s u l e ,  (Type 316SS-2). 
T h i s  specimen r a n  an  a d d i t i o n a l  100 hour s  a f t e r  r e l o a d i n g  and t h e  
t e s t  was t e r m i n a t e d  wi thou t  rup tu re .  An e l o n g a t i o n  of o n l y  2.6% 
o v e r  a 1 .25- inch  gauge l e n g t h  was measured. 
A similar test  was t h e n  performed on azCb- lZr  a l l o y  
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TABLE I 
STRESS-RUPTURE PROPERTIES OF 0.040-INCH THICK Cb-1Zr ALLOY 
SPECIMENS (1) CONTAINED I N  TYPE 321SS AND TYPE 316SS CAPSULES 
I 
AND EXPOSED TO POTASSIUM FOR 1,000 HOURS AT 1400°F 
Capsule  Material S t r e s s  
and Specimen No. p s i  
As-Received 10,000 
Type 316SS-1 10,000 
Type 321SS-3 10,000 
Type 321SS-4 25,000 
30,000 
Type 316SS-2 25,000 
30,000 
Tes t  Rupture  Environment 
Temperature,  OF L i f e ,  Hours T o r r  
2000 11 7 x l o -8  
2000 95 5 x 10-8 





259( 2) 6 x lo-’ 
- - (3)  
100 ( 5) 
260 (4)  4 
(1) MCN 454 
( 2 )  Specimen Did Not Rupture .  
(3) Specimen F a i l e d  on Reloading,  T o t a l  E longa t ion  22%. 
(4) Specimen D i d  Not Rupture .  
(5)  T e s t  Terminated Without Rupture,  T o t a l  E longa t ion  2.6%. 
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I P o s t - t e s t  e v a l u a t i o n  has  been completed and h a s  shown t h e  s i g n i -  
f i c a n t  advantages of Type 321SS over Type 316SS w i t h  r e s p e c t  t o  car- 
bon and n i t r o g e n  t r a n s f e r  i n  r e f r a c t o r y  m e t a l - s t a i n l e s s  s t e e l - p o t a s -  ~ 
I 
~ 
sium systems. P r e p a r a t i o n  o f  a t o p i c a l  r e p o r t  on Task 11 has  begun. 
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V. FUTURE PLANS 
Task I S t r e s s  Corros ion  Reflux Capsule Program 
A. T e s t i n g  of Capsule  T e s t  I w i l l  be  completed. 
B. The c a p s u l e  w i l l  be d ra ined  of po tass ium and c l eaned  by vacuum 
d i s t i l l a t i o n .  P o s t - t e s t  e v a l u a t i o n  w i l l  be  i n i t i a t e d ,  
C.  T e s t i n g  of Capsule  T e s t  I1 w i l l  commence. T e s t  complet ion i n  
t h e  n e x t  r e p o r t i n g  i n t e r i m  i s  con t ingen t  upon t h e  exposure t i m e  
s e l e c t e d  based on results o f  Capsule T e s t  I. 
Task ii B i m e t a i l i c  Capsule  Program 
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